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Conferences and Reviews
Hospital Volume Influences Outcome in Patients
Undergoing Pancreatic Resection for Cancer

ROBERT E. GLASGOW, MD and SEAN J. MULVIHILL, MD, San Francisco, California

Surgical resection is the only possibly curative treatment of malignant pancreatic neoplasms, but ma-
jor pancreatic resection for cancer is associated with high rates of morbidity and mortality. The objec-
tive of this study was to determine the relation between hospital volume and outcome in patients
undergoing pancreatic resection for malignancy in California. Data were obtained from reports sub-
mitted to the Office of Statewide Health Planning and Development by all California hospitals from
1990 through 1994. Patient abstracts were analyzed for each of 1,705 patients who underwent major
pancreatic resection for malignancy. Of the 298 reporting hospitals, 88% treated fewer than 2 patients
per year; these low-volume centers treated the majority of patients. High-volume providers had sig-
nificantly decreased operative mortality, complication-associated mortality, patient resource use, and
total charges and were more likely than low-volume centers to discharge patients to home. These dif-
ferences were not accounted for by patient mix. This study supports the concept of regionalizing high-
risk procedures in general surgery, such as major pancreatic resection for cancer.
(Glasgow RE, Mulvihill SI: Hospital volume influences outcome in patients undergoing pancreatic resection for cancer.
West J Med 1996; 165:294-300)

Tn the United States, about 28,000 new cases of adeno-
carcinoma of the pancreas are diagnosed annually,

accounting for about 2% of all cases of noncutaneous
malignant neoplasms.' The only possibly curative treat-
ment of pancreatic cancer is surgical resection.
Enthusiasm for major pancreatic resection for malignancy
has been dampened by reported operative mortality rates
of 20% or greater and major morbidity rates of 40% to
60%.Y0 Recently several large centers have reported opera-
tive mortality rates of less than 5% and major morbidity
rates of about 30%." It is not clear whether these improve-
ments in operative outcome have occurred only in special-
ized centers or more generally in the medical community.

It is estimated that only 2,000 to 3,000 major pancre-
atic resections for malignancy are undertaken in the
United States each year. The American College of
Surgeons reports that 17,000 to 23,000 general surgeons
are in active practice today in the United States.'0 An
average general surgeon in the United States might do an
operation of this sort once every 6 to 12 years. Similarly,
the American Hospital Association reports that 6,539
acute care hospitals cared for patients in the United States
in 1992."1 If surgical therapy for pancreatic cancer were
evenly distributed, such operations would be done only
once every two to three years at a given hospital.

The relationship between experience with a medical
therapy and outcome has been previously studied."-"8

Luft and colleagues, for example, reported substantial
improvements in hospital mortality in high-volume cen-
ters performing complex operations such as coronary
artery bypass, whereas no such relationship was
observed for less complex operations such as cholecys-
tectomy.'2 Recent reports describing statewide data
from Maryland and New York support a volume-out-
come relationship for pancreatectomy.19O10 This finding
has been disputed in other population studies, such as
the experience nationwide in the US Department of
Veterans Affairs system, where no volume-outcome
relationship was observed.2'
A key goal of any reorganization of health care deliv-

ery practices in the United States is not only to reduce
cost, but to preserve or improve quality. Quality of a sur-
gical procedure is measured by operative morbidity and
mortality, outcome, and effectiveness compared with
alternative therapies. It is an open question today
whether or not regionalizing high-risk procedures in
general surgical practice is desirable or warranted from
this standpoint. The goal of this study was to evaluate
the relation between hospital volume and postoperative
outcome in patients undergoing major pancreatic resec-
tion for malignancy in California. We hypothesized that
the risk of this procedure, as measured by operative
mortality, is reduced when performed in hospitals with
greater experience.
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Patients and Methods
The study design was a retrospective review of stan-

dardized patient discharge abstracts obtained from the
California Office of Statewide Health Planning and
Development (OSHPD). The reliability of this method
in comparing differences in patient outcome was previ-

ously confirmed.2>24 This database contains discharge
data abstracts for every patient hospitalization from
each acute care facility in California. Each abstract
includes the following data: hospital identification, age
group, sex, race, admission year, admission type
(emergency, urgent, or elective), primary payer source,
patient diagnosis (principal diagnosis and as many as
16 secondary diagnoses), procedure (principal proce-

dure and as many as 16 secondary procedures), length
of hospital stay, patient disposition, total hospital
charges, and a measure of overall hospital resource use.
Operative death in this study was defined as patient
death before hospital discharge. The OSHPD database
used diagnostic and procedural codes derived from the
International Classification of Diseases, Ninth
Revision, Clinical Modification, fourth edition (ICD-
9), issued by the US Department of Health and Human
Services.25 Hospital resource use was measured by the
determination of an Overall Resource Demand Scale
(MedStat Group, Santa Barbara, California). This mea-
sure predicts the overall hospital resource use for a
patient relative to a norm across all patients and diag-
nosis-related groups (DRGs). In this scale, the average
acute care admission is assigned a value of 100. An
overall resource demand value of 190, for example,
indicates that the patient is predicted to require 90%
more resources than the average of all patients across
all DRGs.

All discharge abstracts from the years 1990 through
1994 were included in the initial search of the OSHPD
database. From these abstracts, the cases of all patients
who underwent total pancreatectomy (ICD-9 52.6), rad-
ical pancreaticoduodenectomy (ICD-9 52.7), proximal
pancreatectomy (ICD-9 52.51), radical subtotal pancre-
atectomy (ICD-9 52.53), pancreatectomy unspecified
(ICD-9 52.59), and distal pancreatectomy (ICD-9 52.52)
were examined. From this group, a subset of patients
undergoing pancreatic resection for malignancy was

selected. These included patients with a primary diagno-
sis of cancer of the exocrine pancreas or islet cells (ICD-
9 157.X), duodenum (ICD-9 152.0), bile duct (ICD-9
156.1), and the ampulla of Vater (ICD-9 156.2). This
yielded a study population of 1,910 patients from 298
acute care facilities.

The role of individual patient characteristics in pre-

dicting operative mortality was assessed using univari-
ate analysis, with statistical significance determined by
the X2 test. Individual patient characteristics thought to
be possible predictors of operative mortality included
principal diagnosis, type of resection, year of surgery,
age, sex, race, admission type, payer source, and the
number of secondary diagnoses. The number of sec-
ondary diagnoses served as a measure of the severity of
illness and as a means of comparing patient populations
among hospitals.20'2 In the OSHPD database, secondary
diagnoses included comorbid medical problems not
related to the malignant neoplasm (such as diabetes
mellitus, hypertension, or chronic obstructive pul-
monary disease), comorbid illnesses associated with the
cancer (cholecystitis, cholangitis, pancreatitis, or
obstruction), descriptors of disease stage (local invasion,
lymph node status, and regional and distant metastases),
and operative complications (hemorrhage, infection, or
medical complications). Thus, both preoperative and
postoperative conditions are listed in this database as
secondary diagnoses.
A logistic-regression analysis was done to determine

the relation between hospital volume and operative mor-
tality while controlling for differences in individual
patient characteristics. The patient characteristics identi-
fied earlier were treated as covariates. Operative death
was the dependent variable. The role of each of the inde-
pendent variables, including each of the individual
patient characteristics and hospital volume, in predicting
operative mortality was analyzed using this logistic-
regression model.

Hospitals were classified into six arbitrary groups
based on the number of pancreatic resections per-
formed in the five-year study period. This classification
ensured that the number of patients in each volume
range was sufficiently large for statistical analysis. A
crude mortality rate, discharge disposition profile
(home versus other-death, skilled nursing facility,
short-term care facility, and other), length of hospital
stay, total hospital charges, and predicted resource use
were calculated for each volume range. In addition, the
frequency and outcome of the major operative compli-
cations, hemorrhage and infection, were determined.
Differences among these measures of outcome were

analyzed by analysis of variance. x2 Analysis of con-

tingency tables, linear-regression analysis, and
Wilcoxon or Kruskal-Wallis rank-sum test were used
where appropriate. A P value of less than .05 was con-
sidered statistically significant.
An indirectly standardized mortality rate was calculat-

ed as described previously.l'S2'27 Briefly, a multiple-regres-
sion analysis was done using the patient characteristics
found to be predictive of operative death by the corre-
sponding logistic-regression model, yielding a predicted
probability of death for each patient. This probability was
then used to calculate an indirectly standardized or risk-
adjusted mortality for hospitals, controlling for differ-
ences in patient characteristics at the time of admission
among the different hospitals.

ABBREVIATIONS USED IN TEXT
DRGs = diagnosis-related groups
ICD-9 = International Classification of Diseases,
9th Revision, Clinical Modification

OSHPD = Office of Statewide Health Planning
and Development
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Year HosPitoL, S Na. Potiert, .No. Deotas, N\o.

1990 ..157 316 38 (12.0)

1991 147 313 33 (10.5)

1992 168 346 23 (6.6)

1993 155 354 36 (10.2)

1994 162 376 38 (10.1)

TotaI 298 1,705 168 (9.9)

TABLE 3.-Primary Tumor Location and Associated
Operative Mortality

Ooara osis Pa,tients. No. tov A,nrNc
Pancreatic cancer .......... 1,051 10.2
Ampulla of Vater cancer ...... 350 8.3
Bile duct cancer ............ 151 10.6
Duodenal cancer ........... 140 1 1.4
Islet cell cancer ............. 13 0

iNot siignifcunt bv v analys 5.

Results
From 1990 through 1994, a total of 1,910 patients

underwent major pancreatic resection in California for
peripancreatic cancer. Most of the operations (Table 1)
were pancreaticoduodenectomies or Whipple proce-
dures (83.5% of patients). These patients were treated
with an overall operative mortality of 9.4%. A smaller
number of patients underwent proximal subtotal pancre-
atectomy (9.3% of patients) or total pancreatectomy
(7.2% of patients). The mortality for total pancreatecto-
my was significantly higher than that for Whipple resec-
tion (Table 1). Distal pancreatectomy was done in 205
patients, with an operative mortality of 1.0% (2 of 205
patients). Because of this low operative mortality and the
relatively small number of patients, a volume-outcome
relation for distal pancreatectomy could not be deter-
mined. These patients were excluded, leaving 1,705
patients for further analysis.

The number of resections performed each year
increased slightly from 316 in 1990 to 376 in 1994 (P =
.01 by linear-regression analysis) (Table 2). A total of
298 hospitals reported to the database, but because not
all hospitals treated patients undergoing pancreatic
resection each year, the average number of reporting
hospitals on a yearly basis was 158 (Table 2). The oper-

ative mortality for major pancreatic resection was simi-
lar from year to year, with an overall average of 9.9%
(Table 2). The most common principal diagnosis was

pancreatic cancer, accounting for 62% of patients (Table
3). This was followed by carcinoma of the ampulla of
Vater (21% of patients), carcinoma of the distal bile duct
(9% of patients), duodenal cancer (8% of patients), and
islet cell cancer (0.8% of patients). No significant differ-
ences were found in operative mortality when stratified
by principal diagnosis (Table 3).

Patient Demographics
Patient demographic information analyzed included

age, sex, race, admission type, the number of secondary
diagnoses, and source of payment. The age range of the
study population was 2 to 85 years, with a median age of
65 years. Of the 1,705 patients, 70% were 60 years of
age or older (Table 4). The operative mortality was

directly related to advancing age (P < .0001 by x2 test).
The number of men and women was similar, but men
had a significantly higher operative mortality (P = .006
by x2 test). The most common race of treated patients
was white (75% of the study group), followed by
Hispanic (12%), Asian (7%), and black (6%). Operative
mortality did not differ significantly according to race

(Table 4). In contrast, the source of payment for care was

associated with significant differences in operative mor-

tality. Patients whose hospital stays were paid for by
government programs (Medicare or Medi-Cal [Cali-
fornia's Medicaid]) had higher operative mortality than
did patients enrolled with private insurers, including
Blue Cross or Blue Shield, health maintenance organi-
zations, preferred health plans, and private insurance
companies (P < .0001 by x2 test). These data are sum-

marized in Table 4.
Admission type and number of secondary diagnoses

were analyzed as indicators of the severity of illness.
Patients admitted electively for resection had lower oper-
ative mortality than unscheduled patients admitted on an

emergent or urgent basis (8.1% versus 12.5%, P < .0001)
(Table 4). Common preoperative comorbidities included
diabetes mellitus (ICD-9 250) in 18% of patients, essen-
tial hypertension (ICD-9 401) in 18%, coronary artery
disease (ICD-9 412 through 414) in 14%, congestive
heart failure (ICD-9 428) in 4%, chronic obstructive pul-
monary disease (ICD-9 490 through 496) in 7%, nutri-
tional deficiencies (ICD-9 260 through 263) in 5%, and
chronic liver disease (ICD-9 571) in 2% (Table 5). An
increased number of secondary diagnoses correlated with
increased operative mortality (Table 4). For patients with
fewer than four secondary diagnoses, operative mortality
was 3.7%. This rate increased significantly with an

increasing number of secondary diagnoses (P < .0001).
The overall incidence of postoperative hemorrhage was

10.1%, with a 25% associated mortality. The overall inci-
dence of postoperative intra-abdominal infection was
14.5%, with an 18% associated mortality. Both compli-
cations were predictive of operative death (P < .001).

Univariate analysis of individual patient characteris-

TABLE 1 -Types of Pancreatic Resectionis and Associated
Operative Mortality

Procedure Potients, NVo. Operatjve Mcotrfolit'i,

Pancreaticoduodenectomy ...... . 1,424 9.4
Proximal subtotal pancreatectomy 158 8.9
Total pancreatectomy .......... . 123 16.3*
Distal pancreatectomy ......... . 205 1 .0*

< .0.5 by L st uno ilpdred wiith pal crea icuod o ce,i : ;

TABLE 2.-Year of Surgery and Associated Operative Mortality
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tics showed that age, sex, admission type, operation per-
formed, number of secondary diagnoses, and payer
source were significant predictors of higher operative
mortality. The year of operation and race were not sig-
nificant factors. These characteristics were analyzed fur-
ther in a logistic-regression model. When hospital vol-
ume was excluded from the logistic-regression analysis,
advancing age, male sex, the need for total pancreatec-
tomy, and increasing number of secondary diagnoses
were found to be statistically significant predictors of
operative mortality (Table 6). When hospital volume
was included in the model, these independent variables
remained significant. Likewise, decreasing hospital vol-
ume was found to be significant (P < .001).

Hospital Volume-Outcome Relationship
Hospitals were grouped into six volume ranges

reflecting the number of resections performed at each
hospital from 1990 through 1994. More than half of all
patients were treated at centers where ten or fewer resec-
tions were performed in the five-year study period
(Table 7). These centers with low volume of pancreatic
surgery accounted for 88% of all reporting hospitals.
The highest volume centers treated more than 50
patients each during the study period, but these account-
ed for only 1% of the reporting hospitals and 8% of the
treated patients.

Several measures of outcome were evaluated, includ-
ing length of hospital stay, total hospital charges, overall
resource use, and operative mortality. The length of hos-
pital stay did not vary significantly among the different
volume groups (Table 8). Total hospital charges
decreased from the lowest volume group to the highest
volume group-$87,857 versus $71,588. These differ-
ences among groups were significant by linear-regres-
sion analysis and the rank-sum test (P < .0001). The
mean resource-demand scale score for all treated
patients was 769. This means that the average patient
undergoing pancreatectomy required 669% more
resources than the average hospital admission across all
DRGs (resource scale score of 100). Overall resource
use decreased significantly as hospital volume increased
(P < .0001 by linear-regression analysis and rank-sum
test). In addition, high-volume centers were more likely
to discharge patients to home than lower-volume centers
(95% of patients versus 74% of patients, P < .0001 by
linear-regression analysis and P test). The remaining
patients either died or were discharged to an intermedi-
ate-care facility.

The outcome data for patients treated at centers with
31 to 50 cases were influenced by outliers. One center in
this group had an average total hospital charge of
$208,739. If this hospital was excluded from the group,
the average charge for the remaining three centers was

$75,241 (range, $57,933 to $96,804). The relationship
between hospital volume and charges was strongly sig-
nificant even when this outlier was included in the
analysis. Likewise, an additional center in this group had
an average length of hospital stay of 34.8 days. If

excluded, the average length of hospital stay for this
group falls from 23.9 to 20.2 days (range, 17.6 to 23.4).

There were small differences in the distribution of
some of the preoperative comorbid medical diagnoses
among the six hospital volume groups. For cholecystitis,
cholangitis and biliary obstruction, pancreatitis, conges-
tive heart failure, and chronic liver disease, these differ-
ences achieved statistical significance. This is summa-
rized in Table 5. No significant differences were seen in
the overall number of comorbid medical diagnoses
among the six hospital volume groups. Further, no sig-
nificant differences were seen when comparing predict-
ed mortality rates for each volume group. The overall
predicted mortality was 9.9% and ranged from 8.1% in
the 21- to 30-volume group to 10.6% in the 6- to 10-vol-
ume group.

The overall mortality for the study population was

TABLE 4.-Patient Choarcteristics and Associated
Operative Mortality

Pcr,ierl Pienlle. Ope'r, rire
Cia' o 1 - r5'r'ic Mo-r1l P Vlahie'

Age, yr < .0001
<45 ........ .. 120 2.5
45-59 .408 4.9
60-74 .893 11.8

> 5.284 14.1
Sex .006

Male .... 862 11.8
Female .. 843 7.8

Race .22
White ............ 1,272 9.4
Black ............. 97 8.3
Hispanic .......... 192 11.9
Asian ............ 114 13.2
Other ............ 30 10.0

Admission type .01
Emergent ..... 98 13.3
Urgent ........... 601 12.3
Elective ........... 1,006 8.1

Secondary diagnosis, No. < .0001
Oto4 ........... 641 3.7
5 to8 ............ 606 6.8
9 to 1 2 ........... 294 19.0
>12 . ...164 28.7

Payer source (all) .002
Medicare ...... 799.79 9 1 2.9
Medi-Calt ........ 147 9.5
Blue Cross or
Blue Shield ....... 75 5.3

Insurance Company 238 5.9
HMO or PHP ....... 371 7.5
Other ............ 75 6.7

Payer source (government
versus private) < .0001
Government payer .. 986 12.3
Private insurer ...... 719 6.5

H%10 - heal:h rilainterarce organizat on. 'HP preferred heamt D

'Bv k lesacina.
iCalifornia's Medicaid prograrni.
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TABLE 5.-Distribution of Coniorbidities in Hospital Volume Groups

cnmoroJ;~~~~~~~~~~~~
,

Chronic obstrUctive
pulmonary disease ....... . 6.7

Coronary artery disease. 5
Congestive heart failure .... 5.7
Hypertension.. ..... .... 15
Diabetes mel'itus ......... . . 20
Chronic renal failure .0...2.... . 0.2
Chronic liv\er disease ...... 3.3
Mesenteric or peripheral
vascular disease.0.4. ..... .0.4

Malnutrition. 5.7
Average No. of comorbidities
patient ............ 1,6

to 30: 31 ,uS Dn
C s C.s3 s '.

8.9
18
4.6
18
18
0

1.5

6.6
20
35
20
1

0

0

1.0 0.8
6.1 6.2

1.6 1 .6

Cases, Overail P lVoiue

5.7 4.7 3.5 6.6
1 9 20 23 1 4
4.0 0.5 1.4 3.9
19 20 23 18
21 16 11 18
0 0 0 0.1

1.3 3.5 2.8 2.1

NS
NS

< .05
NS
NS
NS

< .05

0.9 2.3 1.4 0.9 NS
3.1 5.9 2.1 5.2 NS

1.5 1.5 1.5 1.6 NS

NS = -oqs wltliiCart

tB%, %,. te;-n.

9.9%. Crude operative mortality decreased with increas-
ing hospital experience, from 14.1 % in low-volume cen-
ters to 3.5% in high-volume centers (Table 8). This rela-
tionship was significant (P = .0009 by linear-regression
analysis and X2 test). The crude mortality for each vol-
ume group was risk-adjusted to account for significant
differences in patient characteristics at admission as
determined by logistic-regression analysis (Table 6).
With this adjustment, a significant volume-outcome
relationship persisted (Table 8).

The incidence of the two major postoperative com-

plications, intra-abdominal hemorrhage and infection,
did not differ significantly among the volume groups.
The mortality associated with these complications, how-
ever, decreased as hospital volume increased. The oper-
ative mortality associated with hemorrhage and infec-
tion was 40% and 27%, respectively, in patients treated
at low-volume centers compared with 11% and 11% at
high-volume centers. These relationships were signifi-
cant by linear-regression analysis (P = .02 for hemor-
rhage and .007 for infection).

Discussion
In this period of limited resources, increased attention

is being paid in the United States to the most efficient
provision of health care services. The desired goal is to
provide the highest quality of care while using the
fewest resources. It has been suggested that for certain
complex surgical procedures, including heart transplan-
tation, coronary artery bypass, and hip replacement, the
results of treatment are directly linked to experience, as
measured by yearly hospital volume.1-"6 We examined
the possible relation between hospital volume and out-
come in patients undergoing major pancreatic resection
for malignancy.

The main finding in this study was a significant rela-
tionship between hospital volume and operative mortali-
ty for patients undergoing pancreatic resection for malig-
nancy in California from 1990 through 1994. The sample
size was large, encompassing 1,705 patients treated at
298 hospitals. The effect of hospital volume on operative
mortality was large, with a fourfold difference in results
between the lowest and highest volume providers. There
are three possible explanations for this finding. First, it is
possible that the data are flawed and that systematic
reporting or coding errors favor the highest volume
providers. In previous studies of population database
reliability, a 10% to 30% error rate in diagnosis and pro-
cedure coding has been reported.222428 In this study, con-
cordance between diagnosis and procedure codes was

TABLE 6.-Logistic Regression, Anaiysisv

Independent 'varbie P''

Year of operation . NS
Increasing age ....... ........... .......... .05

Male sex. .. .. .. ........ c .05
Race..NS.. . ...... . .. .......... NS

Admission type NS

Payer source ...... NS
Total pancreatectomny versus
other resections ............. ... ..005

Increasling numlber of
secondary diagnoses ....... .... . .0001

Decreasing hospital VoluIme ................. < .001

TABLE 7.-Hospital Vo/lume Assignments

1 to5 ............. 210 (70) 510 (30)
6 to 10 .................. 53 (1 8) 395 (23
1 1 to 20 .......20 (7 258 (1 5)
21 to30 ................ (3) 228 (13)
31 to 50 . ......... 4 (11 171 (10)
>50 ............. 2 (1 143 (81
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required for each patient as part of the inclusion criteria,
thereby reducing the number of erroneously coded
patient discharge abstracts from further analysis. An
error rate of only 1% has been identified in the reporting
of the end point of patient death when the OSHPD data-
base has been reconciled with primary data from individ-
ual patient medical records.22 This error rate is not
sufficiently large to explain the differences in operative
mortality found between low- and high-volume hospitals
in this study.

Second, it is possible that differences in patient char-
acteristics could account for the observed variations in
operative mortality. A number of patient characteristics
were found to be significantly associated with the risk of
postoperative death by logistic-regression analysis in
this study, including age, male sex, the need for total
pancreatectomy, and increasing number of secondary
diagnoses. We controlled for patient characteristic dif-
ferences in two ways. First, the data were pooled by hos-
pital volume so that the number of patients in each
volume group was sufficiently large to offset small dif-
ferences in patient mix at any one hospital. Second, we

adjusted crude operative mortality rates with the patient
characteristics found to be significant in the logistic-
regression model to arrive at a risk-adjusted mortality
within each volume group. This risk adjustment did not
alter the primary finding of a significant association
between hospital volume and operative mortality. It is
possible that risk factors for higher operative mortality
were present but not identifiable in the OSHPD database
and that the distribution of patients with this unknown
risk factor was skewed toward hospitals with low vol-
ume, but this seems unlikely.

Finally, it is probable that the findings in this study rep-
resent true differences in outcome related to differences in
patient care in hospitals of various volume groups.
A number of pieces of supporting evidence suggest

that this last interpretation of the data is correct. First, the
overall operative mortality of 9.9% in this study is com-
parable with previously reported operative mortality rates
in other large population studies, including the nation-
wide Department of Veterans Affairs experience and a

nationwide survey by the American College of Sur-
21,2geons. Second, the operative mortality of the highest

volume centers in this study mirrors the published results

of other high-volume centers around the world.4'9
Finally, two recent studies have examined the relation-
ship between hospital volume and operative mortality for
pancreatic resection in the states of Maryland and New
York.1920 The findings in these two reports and the current
study are in remarkable agreement.

Only a limited insight into possible differences in
patient care leading to improved operative mortality in
the high-volume centers could be gleaned from the
OSHPD database. Whereas the rates of major operative
complications of hemorrhage and infection were similar
in all hospital volume groups, the mortality associated
with these complications decreased significantly with
increasing hospital volume. This suggests that high-vol-
ume centers have developed either effective treatment
strategies or the necessary supporting team to cope with
these problems or both. The number of deaths associat-
ed with hemorrhage or infection was relatively small and
did not account for the entire observed differences in
operative mortality. Thus, other factors must be impor-
tant, although these could not be identified with the
available data.

In addition to reduced operative mortality, high-vol-
ume centers were found in this study to have reduced
hospital charges and resource-demand scale scores.
These were independent of length of hospital stay, which
did not vary significantly among volume groups. High-
volume centers were significantly more likely to dis-
charge patients home, whereas low-volume centers used
significantly more intermediate-care facility resources.

Although an examination of actual costs would be
preferable to these indirect measures of resource use,
cost data were not available in this database. The above
findings suggest, however, that the highest volume hos-
pitals not only treat patients undergoing pancreatic
resection for malignancy with substantially lower opera-
tive mortality, but also accomplish this with lower costs.
If the standard of care defined by the highest volume
hospitals were applied statewide in 1990 through 1994,
108 additional patients would have survived their opera-
tion, with a savings of $20,580,099 in hospital charges.

In today's health care environment, quality of care is
measured not only in patients' clinical outcome, but also
in cost-effectiveness. In California, most patients under-
going pancreatectomy for malignancy were treated at

TABLE 8.-Hospital Volume Outcome Measures

Len--atsi-, o!" f Hus s pi -- ODerail Resource Patien-ts Discharged Crude Mortality, Risk-Adjusted
Hospital Vollumie, No. Stay days' Toti Charges, St Scalet to Home, %:t %/ Mortality Rate, %t

I to 5 ................... 22.7 87,857 832 74.3 14.1 14.1
6 to 10 .................. 22.7 76,593 813 80.0 10.4 9.6
11 to 20 ................. 22.9 78,003 804 81.8 8.9 8.7
21 to 30 ................. 20.2 70,959 626 92.1 5.7 6.9
31 toS50 ...23.. . 9. ..23.9 111,497 711 87.1 8.2 8.3
>50 .................... 20.5 71,585 652 95.1 3.5 3.5

Mean ........ 22.3 83,479 769 82.1 9.9 9.9

| Not s gnicarit b) rank-skLr tet Pr 0001 Ds 1near eCress'so ma a,r-os 'Les:. <O .0001 inear regression and test.
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hospitals with limited experience. This study shows a

strong relationship between hospital volume and out-
come in these patients. The data support regionalizing
high-risk general surgical procedures, like pancreatecto-
my for malignancy, as a means of providing the most
efficacious and cost-effective care.
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